ABSTRACT: Environmental issues are a growing concern within agriculture. Several of them can be categorized under the following headings: manure storage and handling, air quality, manure nutrient concentrations, and amounts of soil nutrients. Recently introduced, EcoCare feed (Land O'Lakes Purina Feed LLC, Shoreview, MN) is a dedicated and affordable feeding program addressing manure management, ammonia emissions, and nutrient excretion while optimizing pig performance. Components in EcoCare feed reduce manure solids and viscosity, resulting in improved physical uniformity of the manure, making it easier to agitate in manure storage pits and manipulate through manure-handling equipment. Internal research trials have indicated a reduction of 14% in solids and 22% in viscosity over a 45-d collection period; these physical changes may have positive implications for manure pit pump-out and facility sanitation. EcoCare feed also has the potential to reduce ammonia emissions. This is achieved primarily by inclusion of crystalline AA, specific Bacillus bacteria, and saponin-derived compounds.
INTRODUCTION
Today, excess application of manure to the soil is one of the most pressing concerns in livestock production. Regulations are in place to monitor this process throughout the United States, either directly, through manure management plans, P indexes, and federal air emissions laws, or indirectly, via confinement, construction, separation distances, and composting laws. In the United States today, an estimated 80 million pigs are being fed phytase to help reduce the quantity of P in manure (R. D. Campbell, DSM, Parsippany, NJ, personal communication). Although application of P and N from manure is the main focus in the United States, the European Union now also measures trace minerals in the soil, such as Zn, as standard practice; Zn may replace N as a limiting factor for manure application in some countries. Only a few states in the United States, such as Colorado and South Carolina, have begun monitoring these additional trace minerals.
The current market contains a large number of individually marketed products for air and manure management. However, no complete feeding program had covered the precision formulation, appropriate feed additives, and tools needed to give swine producers a purpose-driven option for optimal ecological care. This was the aim of a Land O'Lakes Purina Feed (Shoreview,
Manure Nutrient Concentration
The main goal, when managing nutrients contained in manure, is to balance them with the nutrient needs of growing plants for efficient crop production. The nutrient profile of manure has come under a great deal of scrutiny in recent years. Changing it by adjusting the nutritional intake of hogs has shown great potential. By better targeting the nutritional needs of growing pigs, fewer nutrients are wasted and fewer nutrients end up in manure.
Several key feeding practices help reduce nutrient waste. A basic observation is to ensure that feeders are properly managed to reduce feed wastage from spills. Nutrient waste can also be reduced by split-sex feeding. Gilts need to be fed more N (protein) because they typically have leaner carcasses and less backfat, whereas barrows eat more feed and have more backfat. Additionally, phase feeding is now a common practice in swine feeding programs and is very efficient at reducing nutrient waste. For example, increasing the number of phases fed to finishing pigs reduces the amount of N in slurry, particularly when the feed is supplemented with AA (Table 1; Heber et al., 1996) . Another key practice is to use highly digestible nutrient sources (e.g., corn) when possible to reduce nutrient waste. Formulating these nutrients close to the requirements of the pig will also help decrease nutrient waste. Feeds for swine typically begin at 220 to 230 g of CP/kg of feed and decline to 130 g/kg of feed as the animals mature. With nutrient formulation, nutritionists can reduce CP by approximately 2% and use supplemental AA to ensure that the requirements of the pig are still met. This effectively reduces nutrient excretion via manure.
The total amount of N leaving the pig can be reduced significantly by reducing dietary CP and providing more available sources, such as supplemental crystalline AA. However, the total quantity of nutrients in manure is just as critical as the availability of those nutrients for crop uptake. Nitrogen in manure is present in both organic and inorganic forms. Organic N compounds are relatively stable and break down slowly into plant-available forms through microbial activity. Inorganic N in manure is considered 100% available to the plants in the year of application. Unfortunately, inorganic N is subject to losses caused by volatilization, leaching, and denitrification. Incorporating feed additives, such as saponin-derived compounds or Bacillus bacteria, which reduce the volatilization of Ncontaining ammonia from the intestine or manure pits, respectively, can be helpful in reducing nutrient waste. Swine manure has a ratio of available ammonium N to unavailable organic N of approximately 60:40 in solid manure (Leikam and Lamond, 2003) . By adding bacteria that can help to break down the OM and retain ammonium N in manure storage pits, N can be made more available to crops during the year of manure application, and added benefits are less sludge and crust in the pits.
Approximately 60 to 80% of P is bound as phytic acid (i.e., phytate) in several feedstuffs commonly fed to swine (Knowlton et al., 2004) . Phytate is unavailable to the pig, which means large amounts of undigested P are excreted in manure. When manure is applied to meet N needs, P will be in excess, which can result in soil and groundwater contamination, stimulating the growth of algae and other aquatic plants and potentially causing eutrophication. Adding phytase to feed allows some of the unavailable P in feedstuffs to be made available to the pig, thus reducing the need for dietary inorganic P (mono-or dicalcium phosphate). In extensive tests by various scientists (Jongbloed et al., 1992; Cromwell et al., 1993 Cromwell et al., , 1995 , the availability of total dietary P generally increased by 15 to 35% with the addition of commercially recommended concentrations of dietary phytase. Typically, diets containing phytase have a reduction of approximately 0.10% dietary available P compared with diets without phytase. Less P in the diet means less P in the manure. Discussion exists in the literature regarding the extent to which the addition of dietary phytase can reduce manure P concentration, with estimates ranging from 30 to 50% (Lei et al., 1993) . Apart from using phytase, it is important to avoid oversupplementing diets with P. This can be achieved by feeding to requirement according to age and by formulating on an available P basis, which will more adequately meet the needs of pigs than formulating on a total P basis. 
Manure Storage and Handling
The buildup of manure solids can be affected by feeding ingredients with greater amounts of fiber. For example, adding greater amounts of dried distillers grains with solubles can cause an increased buildup of manure solids that can even seem greasy in texture. How does this affect the environment? With more manure on the slats, more N is able to become volatilized as ammonia, which can also encourage more flies. Additionally, increased manure solids may create less uniform application to the land, creating uneven delivery of nutrients to crops. There are several ways to help improve the digestion of solids, for example, by using pit additives or, as with EcoCare feed, by adding 1 or 2 feed additives to the diet. The advantage of feeding additives is that the active ingredients are distributed evenly throughout the pit.
The major benefits of improved digestion of manure solids are many (A. Veldkamp, Danisco, Waukesha, WI, personal communication). Improving the digestion of manure solids means less agitation time is required in manure storage pits. Manure is also easier to pump out of the storage pits, saving both time and money. Manure storage capacity is also affected; retention of, or improvement in, capacity is achieved by improving the removal of manure because the amount of manure solids is less. Reducing manure solids also allows a more uniform application of manure on the land, ensuring an even distribution of nutrients to crops. Last, with less manure solids in the pens, odors are reduced and cleaning is more thorough, taking less time and cost and, indirectly, improving sanitation.
Air Quality
The US Environmental Protection Agency estimates that approximately 25% of US methane emissions are from livestock (EPA, 2009) . It is also estimated that livestock account for as much as 81% of ammonia emissions (Becker and Graves, 2004) . Although swine are not considered responsible for significant methane production, they do contribute significantly to ammonia emissions. Hence, within the United States, regulations are in place to monitor not only air, but also water and manure (e.g., Clean Water Act, Clean Air Act, Comprehensive Environmental Response Compensation and Liability Act, and Emergency Planning and Community Right-To-Know Act). The National Institute for Occupational Safety and Health (1974) standard describes the present federal standard for ammonia exposure as an 8-h time-weighted average of 50 mg/kg for humans. Ammonia is an irritant not only to humans, but also to animals and can have detrimental effects on health and performance, causing increased risk of respiratory infections, reduced rate of BW gain, and decreased feed efficiency. In swine, it has been estimated that an ammonia concentration of 25 mg/kg results in eye and lung irritation and a reduction in ADG of approximately 6% (Drummond et al., 1980) . At 50 mg/kg, ammonia results in a reduction of approximately 12% in ADG, and at 100 mg/kg, ammonia results in a reduction of approximately 30% in ADG as well as a 9% reduction in feed efficiency (Drummond et al., 1980; Armstrong and MacDonald, 2002) . Another report indicated that 22 mg/kg of ammonia in the air is enough to reduce the percentage of replacement gilts that reach puberty before 28 wk of age from 75 to 60% (Malayer et al., 1987) . By reducing N excretion, ammonia concentrations can be reduced not only for the benefit of the environment, but also to improve swine performance.
The formulation of reduced-protein diets using supplementation with crystalline AA on an ideal AA basis is a common method to decrease N excretion and ammonia emissions from swine production systems.
Research results indicate a 7 to 10% reduction in N excretion by grower-finisher pigs for each percentage unit of reduction in dietary protein (Portejoie et al., 2004; Lachmann et al., 2006 Lachmann et al., , 2007a Lachmann et al., ,b, 2008 Deng et al., 2007) . Additionally, ammonia emissions were decreased by 7 to 18% for each percentage unit of reduction in dietary protein (Portejoie et al., 2004; Panetta et al., 2006; Lachmann et al., 2008) . The magnitude of response in reduction of N excretion and ammonia emissions will depend on the initial amount of protein used in the comparison and the extent of AA supplementation used in the diet formulation.
Amounts of Soil Nutrients
Trace mineral concentrations in manure, on a DM basis, are approximately 10 times those in feed. The European Union currently measures trace minerals, such as Zn, in the soil, which may result in replacing N as a limiting factor for spreading manure. Some states, such as Colorado and South Carolina in the United States, are now also measuring trace minerals to ensure that excess is not being applied onto soils. This is because increasing the accumulation of trace minerals in soil is thought to have negative effects on soil microorganisms. Burkett et al. (2006) compared various concentrations of organic and inorganic Cu, Fe, and Zn supplementation on fecal excretion and growth, performance, and carcass characteristics. The authors reduced the inorganic minerals in the control diet (containing 169 mg/kg of Fe, 163 mg/kg of Zn, and 85 mg/kg of Cu) by 75%. Results indicated that there were no deleterious effects on pig performance even though fecal excretion of trace minerals was significantly reduced. Based on this and other data, the EcoCare feed program contains refined amounts of trace minerals as a proactive decision for potential regulatory changes in the future.
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A FEEDING PROGRAM DESIGNED FOR PIGS AND THE ENVIRONMENT
Animals were cared for in accordance with acceptable practices as outlined in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) .
Usually, when mixing diets, low-inclusion feed additives are added within a premix to ensure better distribution. As pigs grow older, the premix inclusion concentrations typically become less as nutrient requirements decrease. The EcoCare feeding program was created to optimize nutrient and feed additive delivery for pigs from 25 kg to market BW. This is achieved by ensuring constant amounts of key nutritional ingredients (e.g., organic Se, phytase, and compounds that can reduce ammonia and manure solids) during all phases of production. Furthermore, amounts of trace minerals, P, Ca, and crystalline AA have been refined to reduce nutrient loading of the environment without compromising swine performance. Established 3 yr ago, EcoCare feed has been examined in trials at universities, at research institutes, and in the field.
LongView Animal Nutrition Center: Ammonia Gas Emissions and Nutrient Composition of Simulated Growing-Finishing Manure Pits
In a preliminary trial to collect empirical data, LongView Animal Nutrition Center, located in Gray Summit, MO, conducted a short internal trial to investigate the effects of an EcoCare component on ammonia gas emission and nutrient composition of simulated growing-finishing manure pits. Eight pigs (Newsham Choice Genetics, West Des Moines, IA; beginning BW = 64 kg) were individually housed in metabolism crates with 4 pigs per treatment. There were 2 treatments: a corn-and soybean meal-based control diet and the control diet with an EcoCare component incorporated. Simulated manure pits, consisting of a 167-L barrel for each pig, were used to collect urine and feces for 5 d/ wk. Pigs were fed a 3-phase feeding program. The diets fed during phase 1 contained 0.95% lysine and were fed from 64 to 73 kg of BW. The diets fed during phase 2 contained 0.85% lysine and were fed from 73 to 95 kg of BW. The diets fed during phase 3 contained 0.75% lysine and were fed from 95 to 118 kg of BW.
Final BW was 118 kg after 49 d. Ammonia, viscosity, and manure solids were measured on d 15, 30, and 45. The trial indicated a reduction of 14% in solids, a reduction of 22% in viscosity, and a reduction of 18% in ammonia volatilization over the full collection period with the use of an EcoCare component, when compared with the control pigs. The limited ability of the barrels to show the capabilities of EcoCare became obvious because, commercially, we observed reductions in manure viscosity by up to 50 to 80% in deep-pit storage conditions.
Oklahoma State University: Growth Performance, Nutrient Excretion, and N and P Mass Balance of Finishing Pigs
Trials were performed at Oklahoma State University (Stillwater) to study the effect of EcoCare feed on growth performance, nutrient excretion, and N and P mass balance of finishing pigs during a 122-d finishing period (Walraven et al., 2008 (Walraven et al., , 2009a . The authors used 80 crossbred [(Yorkshire × Landrace) × Duroc (Danbred 610)] pigs (30.2 kg of BW), which were blocked by BW and randomly allotted to 2 dietary treatments. Pigs were housed in an environmentally controlled building. The building contained 4 identical rooms, each having a shallow-pit pull-plug manure system. Ten barrows and 10 gilts were housed per room, and 2 rooms were used per treatment. The control treatment was a fortified corn-and soybean meal-based diet (20.1, 19.3, 17.9, 16.5, 15.1, and 13.7% CP, and 0.37, 0.34, 0.31, 0.29, 0 .27, and 0.25% available P for phases 1, 2, 3, 4, 5, and 6, respectively. The dietary treatments were fed in 6 phases according to the BW of the pigs: 23 to 36 kg, 36 to 55 kg, 55 to 73 kg, 73 to 91 kg, 91 to 109 kg, and 109 to 123 kg (or final BW). The experimental treatment, known as EcoCare, was similar to the control diet, with the exceptions that CP was reduced by 2.6% units, available P was reduced by 0.11% units, and the diet included additions of lysine, threonine, methionine, an EcoCare Pak containing phytase, and an EcoCare premix. Walraven et al. (2008) reported that the EcoCare diet did not significantly affect pig growth performance (Table 2) , although there was a numerical improvement. However, the EcoCare diet did significantly decrease daily and cumulative N and P excretion (P < 0.05), by 26 and 32%, respectively, during the 122-d finishing period. Carcass traits (i.e., 10th-rib fat depth, LM area, fat-free lean percentage) were not significantly affected (P > 0.10).
The mass balance, on a per-pig basis, was estimated, and it was assumed that N and P entered the experimental facility via the feed and pigs and exited via the slurry, exhaust air, and pigs. To estimate N and P entering via feed, feed intake and composition were used. To estimate initial body composition, 6 pigs were ground and analyzed on d 0. To estimate final body composition, 24 pigs (6/room) were ground and analyzed on d 122. Slurry volume, slurry composition, and ammonia-N emission were used to measure the N and P exiting via slurry and air. Walraven et al. (2009a) demonstrated that the proportions of N and P entering the finisher that exited via the pigs increased in N from 42 to 49% and in P from 41 to 52% for pigs fed EcoCare feed compared with those fed the control diet (Table 3) . The use of phytase and less available P in the EcoCare diet, compared with the control diet, resulted in a significant reduction in slurry P (1.02 to 0.68 kg/pig; P < 0.02) without affecting growth performance or carcass traits. Additionally, ammonia emissions were reduced by 40% compared with the control diet.
Recently, Walraven et al. (2009b) presented the effects of EcoCare feed on mineral excretion of pigs during the finishing phase. They concluded that accretion was similar (P > 0.10) for pigs fed the control or EcoCare diet because there was no difference (P > 0.10) in initial or final ash or mineral concentration. There was a significant (P < 0.05) reduction in intake and excretion of minerals for pigs fed the EcoCare diet compared with those fed the control diet. The authors indicated reductions in the excretion of Ca (7.44 Table 4 indicate that, compared with the control diet, there were numerical improvements in ADG, FCR, and final BW when pigs were fed EcoCare feed.
Field Trial: Growth Performance and Manure Analysis
A preliminary field trial was performed on a private farm in Fulda, MN, using a barn with 2 rooms, with space for approximately 1,000 pigs per room. The 2 rooms had separate, deep manure storage pits. Pigs in the east room were fed a control diet (including a dried distillers grains with solubles premix with lysine and phytase) and those in the west room were fed the equivalent EcoCare feed. Before the trial, the barns contained only 1 group of pigs; hence, a minimal quantity of manure was in the storage pits. Performance and manure analysis data were collected for the 2 groups of pigs.
After 50 d from the beginning of the trial, there was a difference in manure between the 2 pits. Solids were reduced by 11% and viscosity were reduced by 37% in the manure pit of pigs fed the EcoCare treatment Influencing the environment through nutrition E99 compared with those fed the control treatment. The values were different because there had been a change in manure composition; data indicated that solids were being digested, which caused the viscosity to decline. Throughout both groups of pigs, the manure continued to improve in consistency. The pigs performed adequately in both groups, with a numerical improvement in FCR when using EcoCare feed compared with the control (Table 5 ).
Field Trial: Manure Analysis
A preliminary field trial conducted on a private farm in Clarissa, MN, using 2 similar finisher barns with separate, deep manure storage pits demonstrated the changes possible in manure nutrient concentrations after 7 mo. The pigs in 1 barn were fed a corn and soybean meal control diet without phytase, whereas those in a second barn received EcoCare feed. When initial manure samples were collected using a sampling pole, there was a thick crust on both manure pits. In the barn with pigs fed EcoCare feed, this crust was visibly thinner after 7 mo. Ammonium N in the manure had increased as the abundance of organic N had declined because of the apparent action of the specific Bacillus bacteria in EcoCare feed (Table 6 ). Phosphorus was considerably less in the manure from pigs fed EcoCare because of the use of phytase in the diet. This means the ratio of N to P was greater for EcoCare feed, which is more desirable when manure is applied, to meet N needs for crop production.
Conclusions
As sustainable agriculture grows in importance, nutrient utilization will become one of the main driving forces in pork production. As reviewed previously, nutrient utilization can influence the environment significantly and this, in turn, can influence swine performance. Many options are available to producers to address the environmental issues at hand; however, it is clear that remaining current with and using new technology and adopting management practices to minimize emissions and comply with environmental regulations are critical for producers on an ongoing basis. Feed formulation is one component that can help influence environmental factors positively. This is the aim of EcoCare feed: to address key environmental issues through an effective and proactive feeding program for grower-finisher pigs. EcoCare feed combines the essential nutrition required for optimized pig performance with a formulation proven to minimize many forms of waste. The goal is a healthier and better environment for our pigs, farm families, employees, and communities. 
